The heightened risk of heart failure in type 2 diabetes cannot be explained by the occurrence of clinically overt myocardial ischemic events or hyperglycemia. Experimentally, insulin exerts detrimental effects on the heart, vasculature, kidneys, and adipose tissue that can lead to heart failure. In both randomized clinical trials and observational studies, antihyperglycemic drugs that act through insulin signaling (i.e., sulfonylureas, thiazolidinediones, and incretins) increase the risk or worsen the clinical course of heart failure, whereas drugs that ameliorate hyperinsulinemia and do not signal through insulin (i.e., metformin and sodium-glucose cotransporter 2 inhibitors) reduce the risk of heart failure. 
T he primary aims of the treatment of patients with type 2 diabetes are control of hyperglycemia and reduction in the risk of macrovascular and microvascular events. Historically, the definition of macrovascular events has generally focused on the occurrence of occlusive or thrombotic events in atherosclerotic vessels (i.e., myocardial infarction, stroke, and major limb ischemia); however, heart failure is a common and serious complication of type 2 diabetes (1), and its occurrence cannot be explained by ischemic injury to the heart. Little is known about why heart failure is so common in patients with type 2 diabetes, even when cardiovascular risk factors are well-controlled (Supplemental Appendix A).
The most distinctive feature of type 2 diabetes is hyperinsulinemia. Insulin can exert important adverse effects on the heart, vasculature, kidneys, and adipose tissue, which can hasten the onset of heart failure or lead to worsening of its clinical course. Of interest, the phenotype of heart failure appears to differ in patients with types 1 and 2 diabetes, possibly because only the latter patients have sustained hyperinsulinemia. Furthermore, many antidiabetic drugs that work through the actions of insulin have been associated with an increased risk of heart failure and an increased mortality in patients with established symptoms (1) . By contrast, antihyperglycemic drugs that do not depend on insulin signaling often reduce the risk of heart failure, and it Insulin can therefore exert adverse effects on the heart, vasculature, kidneys, and adipose tissue, which (acting in concert) can lead to heart failure or accelerate the clinical course of the disease ( Figure 1 ).
CONTRASTING EFFECTS OF TYPES 1 AND 2 DIABETES ON HEART FAILURE
If insulin exerts adverse biological and pathophysiological effects that lead to heart failure, then the incidence of heart failure might be expected to differ in patients with type 1 versus type 2 diabetes because only the latter characteristically have sustained hyperinsulinemia (Supplemental Appendix D). In the only prospective study in type 1 diabetes that measured ventricular function and biomarkers of heart failure, the incidence of heart failure over a 7-year follow-up period was low, unless patients developed overt hypertension or coronary artery disease (3). In contrast, the incidence of heart failure is increased 2-to 3-fold in type 2 diabetes, and this risk cannot be readily attributed to known cardiovascular risk factors. Nonetheless, it is noteworthy that pre-diabetes is associated with a striking increase in the risk of heart failure, despite only modest elevations of blood glucose. Hyperinsulinemia is also associated with poor outcomes following an acute myocardial infarction in patients without diabetes (4).
Is the relationship between glycated hemoglobin and heart failure related to poor glycemic control and its adverse effects on cardiac energy utilization or metabolism? Alternatively, is the relationship between glycated hemoglobin and heart failure related to their shared association with hyperinsulinemia, which exerts direct detrimental effects on the circulation? failure whose diabetes has been managed using noninsulin-dependent therapeutic regimens.
SUMMARY AND CONCLUSIONS
The development of heart failure is common in states of hyperinsulinemia, but not in states of glucose intolerance that is accompanied by a deficiency of insulin. This finding has been supported by the findings in both experimental models of types 1 and 2 diabetes as well as in cohort studies of patients with diabetes in the community. Insulin can exert a wide range of detrimental effects on the heart, vasculature, kidneys, and adipose tissue that can lead to heart failure. Of importance, antihyperglycemic drugs that act through insulin signaling appear to consistently increase the risk of heart failure, whereas drugs that ameliorate hyperinsulinemia have been shown to reduce the onset and progression of heart failure. In patients with diabetes and established heart failure, intensive glycemic control with insulin-dependent therapeutic regimens is associated with an increased risk of death. The totality of evidence therefore supports the hypothesis that heightened insulin signaling, rather than hyperglycemia, may be the primary determinant of the development and progression of heart failure in type 2 diabetes. This conclusion suggests that the risk and course of heart failure are meaningfully influenced by the choices physicians make to lower blood glucose. 
